The RECK gene was initially isolated as a transformation suppressor gene encoding a novel membrane-anchored glycoprotein and later found to suppress tumor invasion and metastasis by regulating matrix metalloproteinase-9. Its expression is ubiquitous in normal tissues, but undetectable in many tumor cell lines and in fibroblastic lines transformed by various oncogenes. The RECK gene promoter has been cloned and characterized. One of the elements responsible for the oncogene-mediated downregulation of mouse RECK gene is the Sp1 site, where the Sp1 and Sp3 factors bind. Sp1 transcription factor family is involved in the basal level of promoter activity of many genes, as well as in dynamic regulation of gene expression; in a majority of cases as a positive regulator, or, as exemplified by the oncogene-mediated suppression of RECK gene expression, as a negative transcription regulator. The molecular mechanisms of the downregulation of mouse RECK gene and other tumor suppressor genes are just beginning to be uncovered. Understanding the regulation of these genes may help to develop strategies to restore their expression in tumor cells and, hence, suppress the cells malignant behavior.
Introduction
Ras genes are frequently mutated in many types of human tumors (1) . Oncogenically mutated forms of ras genes induce dramatic morphological alterations and anchorage-independent growth in various cells including rodent fibroblasts (2) . Because of their importance in human tumors and the ease in studying the phenotypic changes induced by them in vitro, ras genes have been frequently used as a target for the study of reversion (3) .
As an approach toward understanding the mechanism of cell transformation induced by activated ras genes, morphologically nontransformed (flat) revertants (4, 5) from a transformed subline of NIH/3T3 (the DT cell line) containing Kirsten murine sarcoma virus (a transforming virus carrying the v-Ki-ras gene) have been isolated following transfection of a human fibroblast complementary DNA (cDNA) expression library. The Krev-1 gene (6), also known as rap1A, which encodes a Ras-related protein R.M. Sasahara et al.
containing a region identical to the effector domain of Ras, was isolated in a previous study (7) using a plasmid-based human fibroblasts cDNA expression library. Using a similar approach, Cutler et al. (8) isolated another transformation suppressor gene, rsp-1, encoding a leucine-rich repeat protein. A similar screening of a human fibroblast cDNA expression library constructed with a new phagemid shuttle vector resulted in the isolation of two cDNA clones exhibiting significant biological activities. One of these, clone CT124, was found to encode a truncated form of the MSX-2 homeobox protein which induces flat reversion through a dominant negative mechanism on the endogenous MSX-2 protein (9) . The other reversion-inducing clone corresponds to the RECK gene, which encodes a novel membrane-anchored glycoprotein of about 110 kDa with multiple epidermal growth factor (EGF)-like repeats and serine protease inhibitor-like domains (10) .
The RECK gene is widely expressed in normal tissues, while in several tumor cell lines and oncogene-transformed fibroblasts, it is downregulated (10). These results suggest that the RECK gene is a common negative target for oncogenic signals, linking these signals to malignant conversion. Restoration of RECK expression in malignant cells resulted in suppression of invasive activity with a concomitant decrease in the secretion of matrix metalloproteinase-9 (MMP-9), a key enzyme involved in tumor invasion and metastasis (10) . Biochemical assays showed that purified RECK protein binds to and inhibits the proteolytic activity of MMP-9 (10). These findings are consistent with a model in which the release of MMP-9 is somehow gated by the membrane-anchored human RECK protein on the plasma membrane. When an oncogenic signal is turned on, the RECK gene is downregulated, resulting in increased secretion of MMP-9, which contributes to morphological transformation as well as to the invasive behavior of the cells (10) . Therefore, downregulation of the RECK gene by these signals has been analyzed in order to gain important insights into the mechanism of oncogenic signal transduction and malignant conversion (Sasahara RM, Takahashi C and Noda M, unpublished results).
Regulation of mouse RECK gene expression by Sp1 transcription factor family members
Analysis of the mouse RECK gene promoter has indicated that the oncogene-induced downregulation of this gene is at least partially mediated by the Sp1/Sp3 binding sites immediately downstream of the transcription initiation site (Sasahara RM, Takahashi C and Noda M, unpublished results).
The Sp1 transcription factor activates transcription by associating with one of the TATA-binding protein (TBP) co-activators in the TFIID complex. Interaction between glutamine-rich activation domains of Sp1 and the TBP-associated factor dTAF is an important component of the Sp1 transactivating activity (11) . Since the TFIID complex and TBP-associated cofactors also play an essential role in the activation of TATAless promoters, the mechanism by which Sp1 activates these two types of promoters may be based on common features (12) . In the majority of the promoters containing Sp1-binding elements, Sp1 appears to provide a basal level of transcription, but, when acting in conjunction with other transcriptional activators or regulatory proteins, Sp1 can also participate in the dynamic regulation of gene expression. Sp1 activates transcription by cooperative interaction either with itself (13) or with other transcriptional factors, such as the E2 protein bound to the bovine papillomavirus enhancer (14) , Tat protein bound to the human immunodeficiency virus type 1 (HIV-1) long terminal repeat (15), NF-kBp65 bound to the HIV-1 enhancer (16,17), and retinoblastoma protein (pRb) bound to the retinoblastoma control element in c-fos, c-myc, and transforming growth factor (TGF) beta1 genes (18). GATA-1, the major erythroid transcription factor, physically interacts with Sp1 and activates transcription in a synergistic manner (19). Sp1 and the immediate-early gene product Egr-1 physically and functionally cooperate to mediate maximal interleukin-2 receptor ß-chain promoter activity (20). Sp1 plays a critical role in cytokine-stimulated expression of the vascular cell adhesion molecule gene (21). The myeloid-cell-specific expression of the CD11c gene was shown to be due to the binding of Sp1 to the CD11c promoter region and its interaction with Ap1 (22). Sp1 has also been shown to be involved in the Ras/Raf pathway. The Raf-mediated signaling pathway leads to alterations in Sp1 activity, resulting in higher levels of transcription of two growth-responsive genes, namely, rep-3b and mdr1 (23) . Sp1-binding sequences were found to be critical for the Ha-ras effect of activating transcription of the human 12-lipoxygenase gene (24) . However, in the examples cited above, Sp1 acts as a positive regulatory element, in contrast to the oncogene-responsive Sp1 site in the mouse RECK promoter.
The existence of a family of Sp transcription factors (25, 26) suggests that gene regulation by Sp1 is more complex than previously assumed. Sp3, a member of this family, was initially found to suppress Sp1-mediated transcripton activation by competitively binding to Sp1 consensus elements (16, 27) or by functioning as a repressor by protein-protein interaction (28) . Sp3 can also stimulate transcription, as reported for the PDGF-B promoter (29) and for promoters containing the pRb control elements, by functional interaction with pRb (30) . Finally, Sp3 was reported to be a dual-function regulator whose activity is dependent upon both the promoter and the cellular context (28) . Therefore, an obvious possibility, in the case of downregulation of mouse RECK gene expression through the Sp1 site, would be that Sp3 is induced or somehow activated in oncogene-transformed cells, thus occupying and blocking the Sp1 site. However, this hypothesis has not been confirmed (Sasahara RM, Takahashi C and Noda M, unpublished results). Interestingly, it was recently reported that Sp1 plays a critical role in Erb-B2 and vras-mediated downregulation of the alpha2-integrin gene in human mammary epithelial cells (31) . In that case, however, in contrast to the oncogene-mediated downregulation of mouse RECK gene (Sasahara RM, Takahashi C and Noda M, unpublished results), a slight reduction in the binding of Sp1 to the critical Sp1 site was observed (31) . Thus, multiple mechanisms may exist in oncogene-mediated transcriptional suppression through Sp1 sites. Sp1 can be regulated via post-translational modifications of its transactivation domain, such as O-linked glycosylation (32) and phosphorylation (33) . One possibility is that oncogene products suppress mouse RECK gene expression by affecting such post-translational modifications. Another possibility is that oncogene signaling affects the interaction between Sp1/ Sp3 and their regulatory protein(s). Notably, a 74,000-Mr protein that binds the transactivation domain of Sp1 and substantially inhibits Sp1-mediated transactivation in vivo was identified (34) . The mechanism of oncogene-mediated downregulation of the RECK gene through the Sp1 site is still to be elucidated, but the identification of the Sp1 site as the responsive element provided evidence that this binding site may serve as a negative regulatory element in certain promoter and/or cellular contexts (Sasahara RM, Takahashi C and Noda M, unpublished results).
Transcriptional regulation of tumor suppressor genes
Genes that are downregulated in the pro-cess of carcinogenesis are important candidates as tumor suppressors. Expression of Ecadherin, a potential invasion-suppressor gene, is downregulated in human carcinomas by transcriptional inactivation through CpG hypermethylation (35, 36) . The expression of tumor suppressor genes such as p16 (37) , pRb (38) , and p53 (39) is also suppressed by methylation of CpG islands in the respective 5'-control regions. Expression of maspin, a serine protease inhibitor with tumor/metastasis-suppressing activity in the mammary gland, is lost during tumor progression as a result of decreased transactivation through the Ets and Ap1 sites (40) . Alpha2-integrin also plays important roles in the malignant behavior of tumor cells and is downregulated by oncogene products, as mentioned above (31) . In addition to RECK, another protease inhibitor gene that is negatively regulated by the ras oncogene product has recently been found (Izumi H and Noda M, unpublished results). It will be interesting to investigate whether a common mechanism underlies the downregulating effect of these genes.
Future perspectives
Further characterization of the oncogeneresponsive elements present in the mouse RECK promoter should contribute to defining the molecular interplay among multiple cis-acting elements and trans-acting factors in the regulation of mouse RECK gene expression. Other regulatory events, such as DNA methylation of the endogenous mouse RECK promoter and nucleosome phasing at specific activation sites, may confer a higher level of specificity and complexity in the regulation of mouse RECK expression in vivo. A better understanding of the mechanisms of regulation of RECK gene transcription should allow further elucidation of RECK gene downregulation in the malignant conversion of tumor cells.
To understand how different oncogene products modulate transformation-suppressor genes may also help to develop strategies to restore the expression of the latter in tumor cells and, hence, to suppress the malignant phenotype. 
